INTRODUCTION
Carbapenems are potent β-lactam antibiotics including, at the present time, 7 antibiotics for the treatment of serious infections caused by multi-drug resistant bacteria in hospital settings. They have a broad antimicrobial spectrum action on selected Gram-positive and Gram-negative bacteria by acting on penicillin-binding proteins, thus inhibiting cell wall synthesis (EFSA Panel on Biological Hazards, 2013; Zavascki et al., 2013; Meletis, 2016) . Before the 21 st century only some clinical isolates of Pseudomonas aeruginosa and Acinetobacter baumannii were carbapenem-resistant, but carbapenem resistance in Gramnegative bacteria has become a global problem of this century (Zavascki et al., 2013; Meletis, 2016) . For example, carbapenemresistance in clinical isolates of A. baumannii in Croatia rapidly increased from 10% in 2008 10% in to 82% in 2014 10% in (CAMS, 2015 .
Carbapenem resistance in Gram-negative bacteria, which is almost always associated with resistance to several other classes of antibiotics, can be a result of: production of carbapenemases, expression of efflux pumps, porin loss, and alteration in penicillin-binding proteins. Intrinsic carbapenem resistance implies the inherent low permeability of bacterial membranes, low affinity of penicillin-binding proteins, efflux pumps, and inducible chromosomally-encoded production of carbapenemases. A variety of environmental species of Proteobacteria, Firmicutes and Bacteroidetes pose intrinsic carbapenem resistance (EFSA Panel on Biological Hazards, 2013; Meletis, 2016) . Additional acquired resistance implies the acquisition of transferable genetic elements providing for the possibility of successful horizontal spread of resistance genes, even between different genera (Diene and Rolain, 2014) . Acquired carbapenemase-encoding genes are frequently harboured on integrons or transposons that are carried by plasmids which are responsible for enzymatic hydrolysis of carbapenems in A. baumannii, P. aeruginosa and Enterobacteriaceae (Opazo et al., 2012; Meletis et al., 2016) .
Carbapenem-resistant Gram-negative bacteria are mainly studied as a cause of human infections, while reports regarding the occurrence of viable carbapenem-resistant bacterial populations (CRBP) outside medical institutions are globally scarce. Published papers on CRBP in nature are mostly focused on single bacterial isolates. Viable isolates of CRBP were recovered from hospital sewage both before and after disinfection (Ferreira et al., 2011; Chagas et al., 2011; Zhang et al., 2013; Chandran et al., 2014) . From the mixture of domestic and hospital wastewaters two carbapenem-resistant Klebsiella pneumoniae and one Escherichia coli were recovered (Galler et al., 2014) . From municipal sewage in Beijing, 37 isolates of CRBP were isolated (Zhang et al., 2013) . Carbapenem-resistant isolates of A. baumannii were recovered from raw and secondary treated municipal wastewater (Hrenovic et al., 2016) . In the effluent of the secondary municipal wastewater treatment plant, four isolates of CRBP (two members of the family Enterobacteriaceae and two Acinetobacter spp.) were found (Picao et al., 2013) . A single isolate of carbapenem-resistant A. baumannii (Girlich et al., 2010) and E. coli (Poirel et al., 2012) were isolated from river water in Europe. Different species of carbapenem-resistant bacteria were isolated from drinking water in New Delhi (Walsh et al. 2011; Tanner et al., 2015) .
Designs of the published studies which deal with the presence of CRBP in raw or treated wastewater were not quantitative. Therefore, the numbers of viable CRBP in wastewater remain to be determined, in order to quantify the influence of wastewater on the spread of CRBP in the environment. Moreover, the temperature at which the CRBP 35-37°C (Girlich et al., 2010; Ferreira et al., 2011; Walsh et al., 2011; Galler et al., 2014; Tanner et al., 2015) or was not specified at all (Chagas et al., 2011; Poirel et al., 2012; Picao et al., 2013; Zhang et al., 2013) . Cultivation at 37°C allows for the isolation of intrinsically carbapenem-resistant bacteria which are autochthonous populations in environmental samples. Therefore, the findings of CRBP grown at 37°C may overestimate its significance in the natural environment as an anthropogenic reservoir of clinicallyimportant CRBP or reservoir of resistance genes which could be spread to autochthonous bacteria. The use of an elevated temperature will allow the enumeration of potential clinicallyimportant CRBP, while eliminating the enumeration of CRBP which are autochthonous in natural waters. The aim of this study was to quantify the numbers of viable CRBP grown at 42°C in municipal wastewater, its removal in the secondary type of wastewater treatment process, and its correlation with physico-chemical and bacteriological parameters of wastewater. Moreover, the natural waters beyond the vicinity of hospitals were screened for the presence of CRBP.
MATERIALS AND METHODS

Wastewater treatment plant and sampling
The study was performed at the largest Croatian wastewater treatment plant, in the capital city of Zagreb. This secondary treatment plant was designed in 2007 for 1 200 000 population equivalents. The plant treats municipal wastewater from the combined sewage system of domestic, industrial, hospital and storm wastewaters. Daily water flow is influenced by stormwater runoff. Hospital wastewaters are not pretreated before discharge to the sewage system. Raw wastewater which enters this wastewater treatment plant contains high levels of human-use antimicrobials, which are in general poorly removed in the conventional activated sludge treatment (Senta et al., 2013) . The wastewater treatment consisted of primary (mechanical screens, sand and grease removal), and secondary treatment (activated sludge process in aeration basin). After the secondary settling, the effluent is discharged into the natural receiving waters, the Sava River. Sampling was performed from February to December 2014. A 24 h flow-proportional samples was collected from the influent after mechanical screening and from the final effluent after secondary settling. For bacteriological analyses the composite wastewater samples were aseptically taken in sterile 1 L glass bottles. All samples were processed in the laboratory within 2 h of collection.
Characterization of wastewater
The physico-chemical parameters of influent and effluent wastewater were measured according to the Standard Methods for the Examination of Water and Wastewater (APHA et al., 2005) . Temperature was measured on-line and average values of composite samples are presented. The numbers of intestinal enterococci, aerobically grown total heterotrophic bacteria, and carbapenem-resistant bacteria were determined as colony forming units (CFU), logarithmically transformed, and expressed as log CFU per 1 mL of water. The samples of wastewater were concentrated on the sterile membrane filters of pore size 0.45 µm in triplicate both before and after dilution in sterile peptone water. The intestinal enterococci were determined according to HRN ISO 7899-2 (2000) . Membrane filters were incubated on Slanetz Bartley agar (Biolife) at 37°C/72 h and subsequent confirmation of intestinal enterococci was done on Bile esculin azide agar (Sigma-Aldrich) after incubation at 44°C/4 h. Aerobically grown total heterotrophic bacteria were determined on nutrient agar (Biolife) after incubation at 22°C/72 h (APHA et al., 2005) . Carbapenemresistant bacteria were determined on CHROMagar Acinetobacter supplemented with CR102 (CHROMagar), which allows the growth of carbapenem-resistant isolates Sousa et al. (2014) . Susceptibility to imipenem and meropenem was determined for 27 Acinetobacter sp. isolates by disc-diffusion tests. The MICs values were confirmed using AST-XN05 and AST-N233 testing card for Vitek2 system, and interpreted according to the European Committee on Antimicrobial Susceptibility Testing criteria (EUCAST, 2014) .
Statistical analyses
Statistical analyses were carried out using Statistica software 10 (StatSoft, Inc.). Absolute numbers of bacteria were logarithmically transformed. The comparisons between variables were done using the ordinary Student's t-test for independent variables. The correlation between variables was estimated by Spearman correlation analysis. Statistical decisions were made at a significance level of p < 0.05.
Growth of CRBP at 37 and 42°C
In order to distinguish the growth of CRBP at 37 and 42°C, the spring, stream, lake, and well water samples without the influence of hospital waters were tested. Spring, stream, and well samples were taken at the Medvedinca mountain above the capital of Croatia, Zagreb. The lake sample was taken from the artificial Jarun Lake, which is used for recreation in the southwest part of Zagreb. The effluent from the wastewater treatment plant receiving the leachate from Zagreb's landfill, Jakusevec, where the solid hospital waste is disposed of, was taken as a water sample influenced by hospital waters. The numbers of intestinal enterococci and CRBP were determined as described above, except that CRBP were grown either at 37°C/72 h and 42°C/48 h.
RESULTS
The physico-chemical and bacteriological characteristics of influent and effluent wastewater are shown in Table 1 . Measured parameters of both influent and effluent water varied slightly over 10 months of monitoring. High BOD 5 to COD ratio and concentrations of nitrogen and phosphorus suggest nutrientrich biodegradable influent wastewater. A high proportion of intestinal enterococci that are reliable indicators of faecal pollution suggests a high proportion of sanitary water in the influent. The median number of CRBP in influent water was 3.5 log CFU/mL with a prevalence among total heterotrophic bacteria of 47% (Table 1) . The secondary treatment of municipal wastewater resulted in a significant increase in dissolved oxygen and the temperature of treated water. Concentrations of suspended solids, nutrients, and monitored bacteria were significantly reduced after the passage of wastewater through the plant. Concentrations of nutrients in effluent wastewater are in compliance with the national emission standards, which do not imply the monitoring of microorganisms. In the treated effluent, the numbers of CRBP were reduced by 54% and the prevalence of CRBP among total heterotrophic bacteria by 34%. Reduction of CRBP in the secondary treatment of municipal wastewater was not significantly different from the reduction of intestinal enterococci (Table 1 ). Figure 1 shows the fluctuation of CRBP in influent and effluent water over 10 months of monitoring. Both the numbers of CRBP and their prevalence among total heterotrophic bacteria were significantly lower in effluent than in influent water, except for one case of their prevalence on 7 May. The lowest number of CRBP found in effluent water was 0.5 ± 0.2 log CFU/mL. The CRBP were represented by The numbers of CRBP were correlated with physicochemical and bacteriological parameters of wastewater (Table 2) in order to find out which parameters determine the abundance of CRBP and to check which parameters could be used as surrogates for CRBP. The abundance of CRBP in influent significantly decreased with the increase of inflow due to the dilution of influent with stormwater. Temperature, concentration of dissolved oxygen and pH of water did not influence the abundance of CRBP. Discrepancies in correlation parameters of the influent and effluent water are explained by the huge increase in dissolved oxygen in the treated effluent and minor changes of pH values between influent and effluent water (Table 1) . Concentration of suspended solids, COD, BOD 5 , total nitrogen, and total phosphorus showed a significant positive correlation with the numbers of CRBP, both in influent and effluent water. Absence of the significant correlation of CRBP and total nitrogen in influent water is explained by poor nitrogen removal in the wastewater treatment plant (Table 1) . No correlation was found between CRBP with intestinal enterococci or total heterotrophic bacteria, both in influent or effluent water (Table 2) . However, when parameters of influent and effluent water were analysed together, significant positive correlation was observed. This is explained by the relatively constant number of intestinal enterococci and total heterotrophic bacteria in influent and effluent water, as well as grouping of their numbers within two matching clusters. Variations of the numbers of monitored bacteria in influent and effluent water when analysed separately were minor, but when summarizing these numbers in influent and effluent water together, variations between these two groups were remarkable.
The CRBP grown either at 37°C or 42°C was not present in 100 mL of spring water where the intestinal enterococci were absent (Table 3 ). In the well, stream, and lake water samples beyond the vicinity of hospitals where the intestinal enterococci were present, the CRBP grown at 42°C was absent, although CRBP grown at 37°C was present (Table 3 ). In the leachate influenced by hospital waste, intestinal enterococci as well as CRBP grown either at 37°C or 42°C were present. The numbers of CRBP grown at 37°C were twice as abundant as the CRBP grown at 42°C (Table 3) . No CRBP grown at 45°C was found. The CRBP grown at 37°C was represented by Stenotrophomonas maltophillia, Pseudomonas sp. (P. aeruginosa, P. fluorescens), Chryseobacterium sp., and Elizabethkinga meningoseptica, while the CRBP grown at 42°C was represented by Pseudomonas sp., Acinetobacter sp. and the genera of the family Enterobacteriaceae. The presence of CRBP in municipal wastewater receiving hospital wastewaters and in leachate influenced by hospital waste, together with its absence in water beyond the vicinity of hospitals, suggests that CRBP grown at 42°C are associated with hospital wastewaters.
DISCUSSION
Since carbapenems are heavily used in clinics worldwide, including Croatia, the occurrence of carbapenem-resistant isolates is primary connected to the hospital environment. Isolates of CRBP were recovered from hospital wastewaters worldwide (Ferreira et al., 2011; Zhang et al., 2013; Chandran et al., 2014) . The prevalence of isolated CRBP in particular Recently, a fluorogenic heterotrophic plate count method was developed for detection of the broad range of carbapenemresistant bacteria in drinking water (Tanner et al., 2015) . In this study, we used a commercially available medium (CHROMagar Acinetobacter supplemented with CR102) intended for isolation of clinically important carbapenem-resistant bacteria, in combination with selective temperature. The applied method surely allowed the isolation of a narrower range of CRBP, but eliminated the enumeration of carbapenem-resistant bacteria which are autochthonous in water.
When summarizing results of this study, it can be concluded that the physico-chemical and routine bacteriological parameters cannot be directly used for the prediction of presence or abundance of CRBP in waters from different sources. The presence and abundance of CRBP in water primarily depends on the proportion of hospital water which influences the particular water ecosystem. The findings of CRBP grown at 42°C surely indicate the influence of hospital waste on the particular water. Therefore, the CRBP grown at 42°C could be used as an indicator of anthropogenic influence of hospital wastewaters on the natural water bodies. The enumeration of viable CRBP cultivated at 42°C seems to be a rapid and cost-effective laboratory method for estimation of the presence of hospital waste and consequently potentially pathogenic bacteria in different types of water.
Physico-chemical parameters could be used for prediction of the abundance of CRBP in the secondary wastewater treatment plants which receive hospital wastewater. In the case of increased concentrations of nutrients (suspended solids, COD, BOD 5 , total nitrogen, and total phosphorus) as compared to routine values, higher abundance of CRBP could be expected. In the case of increased water inflow due to stormwater runoff, dilution of CRBP is expected. In the raw influent water containing the highest concentrations of bacteria, higher numbers of CRBP are expected as compared to the treated effluent water. Numbers of CRBP in influent showed a significant positive correlation with their numbers in effluent water (r = 0.724). A significant positive correlation of CRBP with intestinal enterococci and total heterotrophic bacteria in the wastewater treatment plant (Table 2) suggests that the concentrations of CRBP through the plant were primarily attributable to the changes in total bacterial abundance rather than to efficiency of its removal. This observation is consistent with the report of a positive correlation of NDM-1 and 16S rRNA genes used as surrogates for multidrug resistant and total bacteria, respectively, in the secondary type of municipal wastewater treatment plant (Luo et al., 2014) . A significant positive correlation of CRBP and suspended solids suggests that CRBP is removed from wastewater with the primary and excess secondary activated sludge, a process which needs future examination.
High numbers of CRBP grown at 42°C suggest a high proportion of hospital wastewater in influent, and consequently the presence of bacteria of clinical origin in effluent of the investigated municipal wastewater treatment plant. Reduction of CRBP (54%) in the secondary wastewater treatment process was comparable to the reduction of intestinal enterococci (57%). This suggests the similar fate of CRBP and intestinal enterococci in the secondary type of municipal wastewater treatment plant. Although the secondary treatment of municipal wastewater significantly decreased the numbers of CRBP, it is not sufficient to completely eliminate the CRBP from sewage. Hospital wastewater is recognised as a diffusion reservoir of New Delhi metallo-beta-lactamase-1 (NDM-1) producing bacteria (Zhang et al., 2013) . Although the NDM-1 represents one of many mechanisms of carbapenem resistance, genes encoding NDM-1 were present in the domestic and industrial wastewater and each stage of the wastewater treatment process, including the chlorinated effluent (Luo et al., 2014) . The finding of KPC-2-producing Gram-negative bacteria after the passage of hospital wastewater through the tertiary wastewater treatment plant (Chagas et al., 2011) suggests a resistance of CRBP to the process of chlorine disinfection. Therefore, the upgrade of the secondary wastewater treatment plant to tertiary stage or conventional disinfection of effluent water does not seem to be a promising method for the elimination of CRBP from municipal wastewater in which hospital wastewaters are diluted with other types of wastewaters. Alternative methods of disinfection of hospital wastewater at the source of contamination seem a promising strategy for mitigating the propagation of CRBP in the environment.
CONCLUSIONS
CRBP grown at 42°C were found in the influent and effluent water of the secondary type of municipal wastewater treatment plant receiving untreated hospital wastewater. Median numbers of CRBP in influent and effluent water were 3.5 and 1.3 log CFU/ mL with a prevalence among total heterotrophic bacteria of 47% and 26%, respectively. Higher numbers of CRBP in influent and effluent were found in cases of nutrient-rich wastewater with higher concentrations of total heterotrophic bacteria and intestinal enterococci. Reduction of CRBP in the wastewater treatment process of 54% was comparable to the reduction of intestinal enterococci. Since the CRBP grown at 42°C was not found in natural water samples beyond the vicinity of hospitals, these bacteria may be used as an indicator of hospital wastewaters.
